In order to develop a membrane suitable for reverse osmotic condensation of radioactive liquid wastes,a new crosslinked aromatic polyamide composite reverse osmosis membrane (ROM) was irradiated in water,or in wet system,and its mechanical and some thermal properties,and the separation performance for inorganic salt were investigated.A membrane was degraded by irradiation more severely in wet system than in dry system,probably due to the reaction with OH-radicals.In the separation performance for NaCl,the salt rejection of the membrane was kept over 88% until irradiation reached 2MGy,maintaining about 90% of its original water flux.
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1.Samples
The reverse osmosis membranes (ROM) used in this study are composed of three layers as shown in Fig.1 .The first layer is crosslinked fully aromatic polyamide of less than 1 mm thickness,the second layer is porous polysulfone (PS),poly (phenylene sulfide sulfone) (PPSS) or oxidized PPSS (PPSO) of about 50 mm thickness,and these two layers are regarded as one component and referred as a membrane here.The third layer is a reinforcing material of woven fabric of polyethylene terephthalate (PET) of about 150 mm thickness,and referred as PET.A ROM of three-layer structure is kept always in water or under wet condition.In order to investigate the effects of water on the radiation durability of ROM,samples kept in an ambient condition for 15 days to dry moderately are also used. the sample was cooled quickly to room temperature,and heated again to obtain the 2nd run.The 1st runs of both samples of PET before and after irradiation show a small endotherm at about 50dc due to the evaporation of water from the wet samples,which is not observed in the 2nd run,and a sharp endotherm at about 250dc due to the melting. PET is made of woven fabrics formed under high tension,so no glass transition can take place during heating due to hindered motion of polymer molecules.The 2nd runs,however,show Tg at about 70dc followed by crystallization (Tc) at about 110dc,then the melting of the crystallites (Tm) at about 230 dc .A high tension in the fabrics mentioned above is released after 1st run,so the polymer molecules can move freely to show Tg on heating and to rearrange themselves to form new crystallites.The heating curves of the sample irradiated to 4MGy under the dry condition show similar behavior to those of the sample irradiated to 4MGy under the wet-condition as shown in Fig.4 ,so the curves of the former are eliminated. cases of PPSS and PPSO,retention of Eb decreases to about 80% after the irradiation only to 0.1MGy,and to less than 50% after the irradiation over 1MGy. MGy,the retention decreases rapidly.In the On considering these results,PS can be one of the promising materials for the authors purpose.Then,the reverse osmosis performance has been done by the membrane with PS. Table 2 shows the results of desalination performance.Here 0.15% NaCl aqueous solution is used,since the solute separation is performed well with Cs-and Sr-salt as well as Na-salt in the case of cellulose acetate membranes's).
As demonstrated in Table 2 ,the rejection of NaCl is about 90% even with the mem- Nov .1994) brane irradiated up to 2 MGy ,giving considerable flux ,namely 90% of the original. By the irradiation to 4 MGy ,rejection reduces quite much and the flux increases extremely, suggesting the formation of water-passing channels across the membrane.In the cases of the dried-samples,rejection keeps rather high value even after the irradiation to 2 MGy,but the flux is reduced to a value as small as 0.01m3/m2,d.In order to clarify the reasons,morphological observations were performed with a scanning electron microscope by the technique described elsewhere(9) . Table 2 Reverse osmosis separation by polysulfone membrane Photograph 1 shows a cross-sectional views of ROM with PS,normal (wet) (A) and dried membrane (B) comparatively.It is apparent that the fringe-like 1st layer of the wet-membrane with thickness less than 0.5 mm reduces to about 0.2 mm by drying,and also polymeric materials in the 2nd layer of wetmembrane shrinks to form larger size vacancies by drying.It is suggested that the decrease of the flux even in the unirradiated membrane after drying as shown in Table 2 is mainly due to the dense stacks of the 1st layer and hard to pass liquid across the membrane. Photograph 2 shows the surface and the cross-sectional views of the membranes unirradiated and irradiated to 2 MGy under the wet-condition.It is evident from these photographs that the size of the fringe-like 1st layer of the irradiated reduces to about 1/2 of that of the unirradiated and also the amount of the 1st layer material,or bulkiness of the 1st layer,is reduced after the irradiation.These two evidences may be Photo.1 Cross-sectional view of membrane with polysulfone as a 2nd layer major reasons of reduction of the rejection from 99.5% of the unirradiated to 88.1% as shown in Table 2 .In contrast,the fiber-like materials in the 2nd layer seems to be swelled considerably by the irradiation to 2 MGy and then vacancies among fiber-like materials are reduced.This reduction of the amount of vacancies in the 2nd layer of the irradiated may be responsible to the reduction of the flux from 1.11 to 1.00,or 90% of that of the unirradiated.In the range greater than 2 MGy,the reduction of the fringe-like 1st layer material and the swelling of the 2nd layer material may occur in a larger scale to reduce both of the separation ability and the mechanical properties.
It is suggested that polymer molecules in the membranes both of the 1st and the 2nd layers suffer the main-chain scission during irradiation,and the scission in the 1st layer is enhanced under the wet condition due to the formation of OH-radicals in the system by the irradiation.This suggestion can be supported by a hydrogen peroxide-test of ROM with PS in the presence of ferric ion (5 This value is probably applicable only in a laboratory scale for the concentration of the filtrate mentioned above.It is possible to concentrate the liquid nuclear waste generated from the reprocessing process,but the study on futher improvement in durability of the membrane to radiation must be required.
IV.CONCLUSIONS
The reverse osmosis membrane (ROM) composed of three layers (1st layer is crosslinked aromatic polyamide,2nd layer of PS,PPSS or PPSO and 3rd layer PET woven fabric) is subjected to electron-beam irradiation under wet-condition.The Tg of the membranes with PPSO is not changed by the irradiation,while Tg of the membranes with PS and PPSS decrease more than 10dc by the irradiation to 4MGy under wet-condition.Both of tensile 
